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[57] ABSTRACT

A system for the management of the physical memory
of a processor which utilizes a base register which is
loaded, for each virtual address of the memory, by a
base address of a discriptive register corresponding to a
task to be performed by the processor. This system
utilizes a descriptive register table, an adder receiving
the binary value of the base address of the first descrip-
tive register, and the binary value of the index corre-
sponding to the first register. The outputs of the adder
address one of the mputs of the descriptive register
table, thus selecting a segment descriptive register cor-
responding to the task to be performed. Each of the
descriptive registers of the table contains control bits
sent to the processor which makes it possible for the
processor to check whether, for the segment to which
the processor must have access, the processor must
operate in the local or overall mode and whether the
processor must process an input-output operation or an
access to the memory.

6 Claims, 2 Drawing Figures
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MANAGEMENT SYSTEM FOR THE MEMORY OF
A PROCESSOR OR MICROPROCESSOR

BACKGROUND OF THE INVENTION

The present invention relates to a management sys-
tem for the memory of a processor or microprocessor.
It 1s applicable to the management of memories of pro-
cessors or microprocessors of many different types, on
the basis of the known segmentation and pagination
concept.

It is known that processors and more particularly
microprocessors at present reach very high processing
performances. These performance levels mainly result
from technological advances, but also from the devel-
opment of systems making it possible to manage the
memories and which reach very high capacities for
reduced overall dimensions.

It 1s known that a management system for the mem-
ory of a processor or microprocessor is an interface
located between the processor and the physical memory
or memories associated therewith, said system manag-
ing the addressing of the memory. These memory man-
agement systems already exist in high power proces-
sors, but they require a large number of logic compo-
nents.

In general, a memory management system is not used
for a microprocessor or microcomputer, with which is
assoclated a imited capacity memory (e.g. 64 K octets).
Thus, 1n microprocessors or microcomputers, the ad-
dressable space is very small and the instruction code is
not independent of the introduction or location of data
in the memory.

However, memory address management is desirable
in more modern microprocessors, which are associated
with memories having a very large capacity (between 1
and 16 megaoctets). This management becomes indis-
pensable when several processors or microprocessors
are interconnected so as to form a multiprocessor sys-
tem. In this case memory management systems make it
possible to protect access to the respective memory
zones of these processors.

Existing memory management systems essentially
permit a dynamic allocation of the memories during the
performance of programs, protection against certain
access types {(writing or reading), the detection of errors
during addressing and the use of common memory
zones by different users, without disturbing the opera-
tion of the processor. These systems use different man-
agement techniques, segmentation, pagination or a
method combining both of these. Pagination uses mems-
ory spaces of the same size, called pages, whilst segmen-
tation uses memory spaces of different sizes, called seg-
ments, whereby a segment can be contained within a
page or can cover several pages.

In the pagination technique, the memory space seen
by the user and the operation system is a linear space for
which access to the memory takes place by a single
logic number. In segmentation, access to the memory
requires a pair of numbers (number of the segment and
shifts or offset). The main advantage of pagination is
due to the ease of allocating pages in the memories,
because all these pages have the same size. However, it
has a major disadvantage in that it requires a protection
of the different spaces of the user memory, due to the
linear character of the memory space. Segmentation
does not lead to the same memory space protection
problems, but it has the disadvantage of complicating
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the introduction and location of the segments in the
memory space.

Methods combining pagination and segmentation
have the advantages and disadvantages of each of the
two methods. However, no matter what the manage-
ment methods used, the known management systems
are spectfic of the type of processor or microprocessor
used. Thus, it 1s substantially impossible to use a mem-
ory management system supplied by one manufacturer
with a processor or microprocessor supplied by an-
other.

BRIEF SUMMARY OF THE INVENTION

The object of the invention is to obviate these disad-
vantages and more particularly to provide a memory
management system for a processor or microprocessor,
which is independent of the type of processor or micro-
processor used. It also aims at obviating the disadvan-
tages associated with pagination or segmentation meth-
ods. In particular, it makes it possible to separate the
space reserved for input - output operations and the user
memory space 1n the actual management system, with-
out it being necessary to divide the addressable space of
the common memory into two, as is the case with exist-
ing management systems. It also permits a separation of
the local - common space in the actual management
system. Thus, known management systems are designed
for conventional monoprocessor structures and dy-
namic introduction into the local space is only possible
by reserving a fixed space for all the local memories.
This leads to an important complication for program-
ming, as well as to a limitation of the addressable space.
In these known management systems, it is consequently
necessary to reserve a few bits for the local space. The
present invention also permits the use of a large number
of segmentation registers, whereas in the known man-
agement systems, the number of segmentation registers
is limited. Moreover, when these systems control asso-
ciative memories, the complexity of management does
not make it possible to use a large number of segmenta-
tion registers. This leads to a very frequent reprogram-
ming of the management systems or the use of several
management systems In cascade.

In a more general manner, the management systems
able to partly obviate the disadvantages referred to
hereinbefore, are constructed with a very large number
of integrated circuit boxes or cases. The distribution of
the segments and the addressing flexibility are not used
by the programming, because the memory management
algorithms are too complex and, to obtain this flexibil-
ity, it 1S necessary to make the equipment much more
complicated (adders for addressing processes), which

limits the performance of the management systems,

particularly due to the large number of adders, which
make them lose their speed.

Thus, by means of a suitable technology, the inven-
tion aims at providing a management system having a
reasonable number of circuits and which makes it possi-
ble to manage a large number of segmentation registers.
These different objectives are achieved by combining in
a special manner pagination and segmentation, this com-
bination making it possible to obviate the use of large
number of adders and comparators, which, in the
known management systems, lead to complex opera-
tions.

Thus, the invention specifically relates to a system for
the management of the physical memory of a processor,
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incorporating a table of segment descriptive registers
connected to the processor and the means for trans-
forming a virtual address supplied by the processor into
a physical address in order to permit the performance of
a task, on the basis of real pages and segments contained
in a physical memory, said virtual address containing at
least one virtual page number, the binary value of a
checking index of the first descriptive register of a phys-
ical segment in the memory corresponding to a task to
be performed, and the offset value of the start of the
physical segment, with respect to the start of the corre-
sponding real page, wherein it also comprises a base
register which is loaded, for each virtual address, by the
base address of the descriptive register corresponding
to the task to be performed, said base address being
supplied by the processor, the descriptive register table
having inputs connected to the outputs of a logic adder,
which receives on the one hand the binary value of the
base address of the first descriptive register, and on the
other hand the binary value of the index corresponding
to this register, the output signals of the adder address-
ing one of the inputs of the descriptive register table.

According to another feature of the invention, the
management system also comprises a control register
loaded by a supervisor program registered in a memory
of the processor, by binary values indicating the maxi-
mum number of descriptive registers used in the perfor-
mance of the task, and a comparator connected to the
processor and to the control register for comparing the
binary values contained in the control register and the
binary values of the index, said comparator applying an
error signal to the processor, when the value of the
index exceeds the number of descriptive registers in-
volved in performing the task.

According to another characteristic of the invention,
each descriptive register contains binary values relative
at least to the base address of the physical segment, at
the bottom of the page in which is contained the start of
this segment, as well as binary values representing the
size of the physical segment, the management system
also comprising means for checking that the virtual
page number does not exceed the size of the segment to
be performed.

According to another feature, the management sys-
tem also comprises means for forming the physical ad-
dress of the page in which the start of the physical
segment is located, on the basis of the virtual page num-
ber and the value of the base number of the physical
page.

According to another feature, the means for checking
that the virtual page number does not exceed the size of
the segment are constituted by a logic AND con-
structed comparator.

According to another feature, the means for forming
the page number in which the segment to be performed
is located are constituted by an OR gate constructed
adder.

According to another feature, the logic adder 1s of an
OR gate construction.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is described in greater detail hereinaf-
ter relative to non-limitative embodiments and with
respect to the attached drawings, wherein:

FIG. 1 shows the different registers and address for-
mats involved in the system according to the invention.

FIG. 2 shows diagrammatically a memory manage-
ment system according to the invention.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 shows at (a) the format of the virtual address
supplied by the processor, for addressing a physical
memory, by means of the management system accord-
ing to the invention and which will be described in
greater detail hereinafter. This virtual address format
comprises bits VP, which designate the number of the
virtual page in which is located a segment containing
instructions or data to which the processor wishes to
have access for performing a given task. The bits VI
correspond to the value of a checking index of a seg-
ment descriptive register containing all the information
necessary for having access in a physical memory to a
physical segment for performing the given task. The
virtual address format also comprises bits PO relating to
the displacement of the start of the physical segment,
with respect to the start of the real or physical page in
which 1t is located.

Finally, the virtual address format can also have bits
U-S and I-D relative to the type of segment to which
the processor wishes to have access in the physical
memory. Bit U-S indicates that it is a segment of interest
to the processor user or supervisor, whilst bit I-D indi-
cates that it is an instruction or data segment in the
physical memory. The digits represent the numbers of
bits used in the virtual address format described herein-
before. It is obvious that these numbers can differ.

FIG. 1 shows at (b), the format of one of the segment
descriptive registers used in the management system
according to the invention. This segment descriptive
register comprises bits DPB relative to the base address
of the page in which is located the start of the physical
or real segment sought in the physical memory. It also
contains bits DSB relating to the base address of the
segment in this real page and bits DAM relating to the
size of the segment to which the processor wishes to
have access. This register also has control bits CTL
making it possible for the processor to check whether,
for the segment in guestion, it has to operate in a local
mode or an overall mode, or whether it is a segment
relating to input - output operations.

FIG. 1 shows at (c), the format of the real address
register in which the management system according to
the invention will arrange the bits relating to the physi-
cal address of the segment, to which the processor
wishes to have access in the memory. This register
firstly contains binary value Pg of the displacement of
the start of the segment relative to the start of the physi-
cal page in which it is located. This register also con-
tains bits PB relating to the base address of the segment
in the real or physical page. Finally, it contains bits PP
relating to the physical page number in which the start
of the sought segment is located. The digits indicate the
numbers of bits involved in the register.

As will be shown in greater detail hereinafter, the
segment descriptive registers form a table in the mem-
ory. In a special embodiment, this table is constituted by
1024 registers, each having 24 bits, whilst it has 256
inputs.

FIG. 2 diagrammatically shows a system according
to the invention, permitting the management of a physi-
cal memory PM of a processor P. This management
makes it possible to have access to instructions or data
contained in the physical memory, when the latter is
subdivided into segments and real pages. Each segment
can either be contained in a real page, or can contain
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several such pages. This access takes place from a vir-
tual address supplied by the processor and whose for-
mat 1s given in FIG. 1a. The management system com-
prises a table T of segment descriptive registers and
means which will be described in greater detail herein-
after for transforming a virtual address supplied by
processor P into a physical address of a segment making
it possible to perform a task. The management system
also comprises a base register BA which is loaded, for
each virtual address, by the base address of the first
descriptive register corresponding to the task to be
performed. This base address is supplied by the supervi-
sor program of processor P. Table T of the descriptive
registers has inputs, which are connected to the outputs
of a logic adder OU1 receiving, on the one hand the
binary value of the base address of the descriptive regis-
ter contained 1in register BA and, on the other hand, the
binary value of index V1 of said register with respect to
the base address. In this way, the addition of index VI to
the base address of the descriptive register, contained in
register BA, makes it possible to address one of the
inputs of table T, 1n front of which is located the de-
scriptive register of the segment relating to the task to
be performed, or to address the first of the descriptive
registers of the segments relating to this task.

The management system also comprises a control
register NBR, loaded by the supervisor program of the
processor P, by binary values indicating the maximum
number of descriptive registers involved in table T, for
performing the task in question. The outputs of this
control register are connected to the inputs of the com-
parator COMP which also receives on other inputs, the
binary values of index V1 relating to the first descriptive
register of the segment of the task to be performed.
Comparator COMP supplies an error signal ER to pro-
cessor P, when the value of index VI exceeds the num-
ber of descriptive registers involved in performing the
task. Thus, it is probable in this case, that the value of
the index contained in the virtual register supplied by
the processor 1S erroneous.

When the addressing of the descriptive register of the
segment relating to the task to be performed has taken
place, the management system, which will be described
in greater detail hereinafter, will operate in the follow-
ing way. The least significant bits Pp of the virtual
address (bits 9-0) pass, without being changed, into a
real address register RAR of the physical memory PM,
which can thus be addressed as a result of known means
(not shown). Bits DSB contained in the segment de-
scriptive register and which indicates the base address
of the real segment pass, without being modified, di-
rectly into the real address register RAR. These most
significant bits are designated by PB here and in FIG.
1¢c. Before obtaining the number of the physical or real
page PP in which is located the start of the real segment
to be addressed, 1t 1s checked by the means constituted
by the gate constructed comparator ET1, that the vir-
tual address VP of the page in which the start of the
segment to be addressed does not exceed the size DAM
of the segment, said size being supplied by the bits con-
tained in the aforementioned descriptive register. Thus,
gate ET1 makes it possible to carry out the logic opera-
tion VP.DAM, which must be equal to 0, if the virtual
page number does not exceed the size of the segment to
be performed. Thus, if the virtual address exceeds the
size of the segment to be performed, it is because an
error has taken place in the addressing of the descriptive
register. In this case, the binary value O supplied by the
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AND gate is applied to the processor to indicate this
error. After this checking has taken place, the real page
number PP in which is located the start of the segment
to be addressed 1s formed by a logic adder OU2, on the
basis of the base number of the physical page DPB and
the number of the virtual page VP. Thus, adder OU2
performs the operation PP=VP+DPB. The real ad-
dress register RAR then contains all the information
necessary for addressing the real segment in physical
memory PM. Thus, it contains the base address PB of
the real segment, the physical page number PP in which
the start of the segment is located and the displacement
or offset PO of the start of said segment relative to the
start of the physical page.

The operations described hereinbefore and which
make it possible, on the one hand to check that the
virtual page number is below the size of the real seg-
ment to be addressed, and on the other hand to calculate
the real page number of the basis of this virtual page
number and the base address of said real page, take
place very rapidly due to logic adders and comparators.
These known management systems use a large number
of adders or comparators, which makes the operations
complicated.

An example of address management performed in the
system of the invention will now be described.

It is assumed that the processor supplies the following
virtual address in a2 hexadecimal base: VI=segment
3—VP=page 10, (OAH)— PO (offset) =257 as well as
the user bits U and data bits D.

It 1s assumed that the segment descriptive register for
the user and data segment 3 contains the following bits:

DSB1, DAM=30H, DPB=20OH
expressed in a hexadecimal base.

After translation, the physical address is as follows:

PB1, PP=2AH, PO=257

The virtual address has been accepted, because the
result of the operation 1s:

VP.DAM=30HXOAH=0

The real page number PP is obtained by performing
the sum VP4+DPB=0OAH+20H=2AH in a hexa-
decimal base.

In the management system described hereinbefore, it
1s possible to extend the maximum size of the descriptive
segments. In an embodiment, which 1s not shown here,
the size of these descriptive segments is 32 bits. This
extension of the size of the descriptive segments makes
it possible to add supplementary control bits and in
particular parity control bits.

The invention makes it possible to achieve the objec-
tives referred to hereinbefore and in particular to pro-
vide a management system using a very small number of
components. These logic components can all be easily
integrated into a case or box. This system also makes it
possible to separately manage the input - output spaces
and the local - common spaces. Finally, it offers the
possibility of managing the very large number of seg-
mentation registers (1024) and which have very long
segments (between 1K octet and 16M octets). The su-
pervisor - user segments can be physically separated, in
the same way as the instruction and data segments. This
leads to an effective protection of the memory spaces,
whilst the presence of a logic adder significantly re-
duces the response time of this system compared with
known management systems (< 100 ns).

Although the invention has been described hereinbe-
fore with respect to a specific embodiment, the inven-
tion is obviously not limited thereto and variants are
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possible without passing beyond the scope of the inven-
tion.

What is claimed is:

1. A system for the management of the physical mem-
ory of a processor, incorporating a table of segment
descriptive registers connected to the processor and to
means for transforming a virtual address supplied by the
processor into a physical address in order to permit the
performance of a task, on the basis of real pages and
segments contained in a physical memory, said virtual
address containing at least one virtual page number, the
binary value of a checking index of a first descriptive
register of a physical segment in the memory corre-
sponding to a task to be performed, and the offset value
of the start of the physical segment, with respect to the
start of the corresponding real page, wherein it also
comprises a base register which is loaded, for each
virtual address, by the base address of the first descrip-
tive register corresponding to the task to be performed,
said base address being supplied by the processor, the
descriptive register table having inputs connected to the
outputs of a logic adder, which receives on the one
hand the binary value of the base address of the first
descriptive register, and on the other hand the binary
value of the index corresponding to the first descriptive
register corresponding to the task to be performed, the
outputs of the adder addressing one of the inputs of the
descriptive register table, wherein the segment descrip-
tive registers of the table contain control bits, the pro-
cessor being enabled by the control bits of the segment
to which the processor must have access, to check
whether said processor must operate in the local or
overall mode, and whether it must process an input -
output operation, or an access to the memory.
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2. A management system according to claim 1, fur-
ther comprising:

a control register loaded by a supervisor program of
the processor, by binary values indicating the maxi-
mum number of descriptive registers used in the
performance of the task, and a comparator con-
nected to the processor and to the control register
for comparing the binary values of the index with
the binary value in the control register, said com-
parator applying an error signal to the processor,
when the value of the index exceeds the maximum
number of descriptive registers involved in per-
forming the task.

3. A management system according to claims 1 or 2,
wherein each descriptive register contains binary values
related to the base address of the physical segment, the
base number of a real page in which is contained the
start of this segment, as well as binary values represent-
ing the size of the physical segment, the management
system also comprising means for checking that the
virtual page number does not exceed the size of the
segment to be performed.

4. A management system according to claim 3,
wherein it also comprises means for forming the physi-
cal address of the page in which is located the start of
the physical segment on the basis of the virtual page
number and the value of the base number of a physical
page.

5. A management system according to claim 3,
wherein the means for checking that the virtual page
number does not exceed the size of the segment are
constituted by a AND constructed logic comparator.

6. A management system according to claim 4,
wherein the means for forming the number of the page
in which is located the segment to be performed are

constituted by an OR logic constructed adder.
¥ l % ¥ .
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